Introduction
A typical microstrip antenna has a very narrow BW of about 4% [1]- [2] - [3] . In the recent decade, a considerable amount of work has been done to increase the BW of RMPA [4] - [5] - [6] . In Ref.
[1] antennas having ultra wide BW have been reported [1] . However, the problem with the available techniques for BW improvement is that either a complex geometrical pattern or a complex patch shape should be used. This may cause difficulties in the antenna fabrication (especially at frequencies above 30GHz) and produces some unwanted variations in the antenna's far field pattern. These issues have been addressed in this paper. Furthermore, usually a band pass filter is required to be incorporated with the transmitting and receiving antennas. In recent years, many attempts have been made to design a microstrip antenna with a built in band pass filter [6] - [7] - [8] - [10] - [11] . Also, in this case the band pass filter (BPF) is constructed either by employing a complex pattern on the patch antenna or by making the BPF separately using microstrip transmission lines and then matching the filter with the antenna. Either method may require complex design or may need more space to accommodate both the antenna and filter together. This problem may be rectified by the proposed methods easily without any necessity to have extra design or complex geometry.
Bandwidth Enhancement of Patch Antenna
The following methods have been proposed to improve the band width of a RMPA.
Taper Matching
A patch antenna operating at 5GHz was designed using the conventional design equations available in the literature [ 
Quarter Wavelength Width Extension
For this method, firstly, the antennas dimensions are calculated from the conventional formulas as described in section 2. can all be controlled by W and T W which give enough flexibility to create the desired response. .
Width Extension and Taper Matching
This method is basically a combination of the two methods as described in sections 2.1 and 2. 
Results and Discussions:
Taper Matching: Two samples of rectangular and tapered matching for each designed patch antenna have been fabricated and tested (see Figs 2a and 3a) . Figure 4 shows the simulation and measured results for the optimised one (see Fig.4a ) which has mm 8 W T (Fig.4a) . The results show that the 11 S response (Fig.4b) is quite flat in the pass band and gives a bandwidth of 1.18GHz (i.e. 22.18% at GHz 32 . 5 f 0
). The far-field pattern of the antenna at this frequency is shown in Fig.4c . 
Conclusion
Two methods namely (i) taper matching and (ii) quarter wavelength width extension have been proposed to increase the bandwidth of a rectangular microstrip patch antenna. The taper matching is a simple method to improve the patch antenna bandwidth and impedance matching. With quarter wavelength width extension a large increment in bandwidth (i.e. 22.18%) is measured. With the combination of these two methods, again, a considerable bandwidth improvement (i.e.19.52%) is achieved. All tested antennas have given a typical patch antenna radiation pattern and their measured directivities range from about 10dBi to 11.43dBi.
